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Summary
Correct positioning of the cell division machinery is key
to genome stability. Schizosaccharomyces pombe is an
attractive organism to study cytokinesis as it, like higher
eukaryotes, divides using a contractile actomyosin ring. In
S. pombe, many actomyosin ring components assemble
at the medial cortex into node-like structures before coa-
lescing into a ring [1, 2]. Assembly of cytokinetic nodes
requires Mid1p, which recruits IQGAP-related Rng2p to the
division site, after which other node components accumu-
late at the division site in a characteristic sequence [3–6].
How cytokinetic nodes assemble, whether the order of
assembly of ring components is important, and whether
Mid1p solely participates in ring positioning are poorly un-
derstood. Here, we show that synthetic targeting of IQGAP-
related Rng2p, formin-Cdc12p, and myosin II (Myo2p)
restores medial division in mid1 mutants, suggesting that
ring proteins need not assemble at the division site in an
invariant order. Unlike in wild-type cells, actomyosin rings
in cells rewired to divide medially in the absence of Mid1p
assemble late in anaphase. Furthermore, the rewiring pro-
cess affects the ability of the actomyosin ring to track the
nucleus upon perturbation of nuclear position. Our work re-
veals the power of synthetic rewiring studies in deciphering
roles performed by multifunctional proteins.
Results and Discussion
Previous work has shown that a critical function of Mid1p is to
target Rng2p to the medial cortex and that Rng2p in turn re-
cruits other components of the actomyosin ring to the nodes
[4–6]. In cells defective in mid1, actomyosin rings are assem-
bled at random sites and angles on the cell cortex, which in
turn leads to septum placement defects. We therefore investi-
gated whether Mid1p-independent targeting of Rng2p to the
cell division site led to medial cell division in cells defective
inmid1. To target Rng2p to the cell middle in aMid1p-indepen-
dent manner, we constructed a gene encoding a GFP-Cdr2p-
Rng2p fusion expressed under the control of the medium
strength thiamine repressible nmt1(42) promoter [7]. The
nonessential protein kinase Cdr2p plays an overlapping role*Correspondence: m.k.balasubramanian@warwick.ac.ukin actomyosin ring positioning and localizes to the medial cor-
tex in the form of nodes during interphase in aMid1p-indepen-
dent manner [8–10]. Thus, it served as an attractive candidate
for Mid1p-independent medial targeting of Rng2p. After 10 hr
induction in minimum medium (MM) without thiamine, the
fusion protein localized to cell middle in the form of nodes
(data not shown). However, even moderate overexpression
of the fusion protein led to the formation of abnormal actomy-
osin rings. Hence, we investigated alternative approaches to
target Rng2p to the division site in a Mid1p-independent
manner.
A 119 amino acid fragment of the single-domain antibody
against GFP (henceforth referred to as Gab) has been shown
to bind to GFP in vivo with high affinity [11–14]. The Gab-GFP
affinity can be utilized for protein targeting in vivo. In our study,
a pFA6a-based plasmid was constructed containing the open
reading frame of Gab (Figure 1A). The Gab-mCherry fragment
was PCR amplified and genomically integrated at the Cdr2p
C terminus and expressed under control of the native cdr2 pro-
moter (Figure 1A). As shown in Figure 1B, Cdr2p-Gab-mCherry
localized to medial nodes in interphase, similar to the localiza-
tion of Cdr2p-GFP in wild-type cells. We then tested whether
Cdr2p-Gab-mCherry could target GFP-fused proteins of inter-
est to the medial cortex through Gab-GFP binding. Strikingly,
all six cytokinetic node proteins tested (Rng2p, Cdc4p,
Myo2p, Rlc1p, Cdc15p, and Cdc12p) [4, 15–24] successfully
colocalized with Cdr2p-Gab-mCherry in themedial nodes (Fig-
ures 1C and 1D). The fluorescence distribution of the GFP fu-
sions along the cell long axis was quantified and is shown in
Figure 1C. The distribution pattern of GFP-Myo2p in interphase
was altered from a dispersed cytosolic localization (wild-type,
Figure 1C, first panel) to a medial-node-like accumulation
(Cdr2p-Gab-mCherry, Figure 1C, second panel). The other
GFP fusions showed similar medial localization patterns in
the presence of Cdr2p-Gab-mCherry, although Rng2p-GFP
and Cdc12p-GFP exhibited higher background fluorescence.
These noncanonical nodes established by binding of GFP-
fused ring proteins to Cdr2p-Gab-mCherry will be referred to
as ‘‘rewired nodes.’’ These experiments thus established a
targeting system in which a protein of interest fused to GFP
could be targeted to the cell middle by its binding to Cdr2p-
Gab-mCherry.
We then tested whether Mid1p was dispensable for medial
ring assembly when Rng2p was artificially targeted to the
medial cortex. As shown in Figure 2A, the deletion mutant
(mid1D) and the temperature-sensitive mutant (mid1-18)
were rescued upon coexpression of Cdr2p-Gab-mCherry
and Rng2p-GFP. Approximately 70% of the mid1D and 85%
of the mid1-18 cells divided medially in the presence of
Cdr2p-Gab-mCherry and Rng2p-GFP, as estimated from the
morphology of cells stained with the septum-binding dye ani-
line blue (Figure 2B). Although Cdr2p leaves the medial region
during mitosis in wild-type cells, it appeared to remain in the
nodes and the rings, potentially by binding to Rng2p-GFP (Fig-
ure 2C), indicating that the Gab-GFP interaction led to artificial
retention of Cdr2p in the medial cortex during mitosis.
Since the mid1D mutant spontaneously accumulated
suppressors, the temperature-sensitive allele mid1-18 was
used in subsequent experiments. Although mid1-18 mutant
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Figure 1. Targeting of Actomyosin Ring Components to the Division Site in Interphase using a Gab-Based Protein-Targeting System
(A) GFP antibody (Gab)-containing plasmid construct and yeast strain used in this study. pCDL1558 is a plasmid containing the open reading frame of
Gab-mCherry in the vector pFA6a. MBY7691 is a yeast strain with Gab-mCherry coding sequence tagged endogenously at cdr2 C terminus.
(B) Images of cells expressing Cdr2p-GFP and Cdr2p-Gab-mCherry. Cdr2p is detected in medial nodes in interphase cells. Cells were imaged with a
spinning disk confocal microscope; DIC (left) and maximum-intensity projections of z stacks (right) are shown.
(legend continued on next page)
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2183displayed severe defects in actomyosin ring and septum posi-
tioning at restrictive temperature [25], it was possible that
Mid1-18p merely lost the ability to localize to medial cortex
but remained a functional protein. To rule out this possibility,
we checked the localization of Mid1-18p-GFP both in the pres-
ence and absence of Cdr2p-Gab-mCherry. Figure 2D shows
thatMid1-18p-GFPwas not detectable by fluorescencemicro-
scopy at 36C in either nodes or rings, even in the presence of
Cdr2p-Gab-mCherry, indicating that the stability of Mid1-18p
protein might be altered at 36C. Notwithstanding, these ex-
periments revealed that the effect of rescue ofmid1-18 by co-
expression of Cdr2p-Gab-mCherry and Rng2p-GFP was not
due to redirection of Mid1-18p to medial nodes.
The process of contractile ring assembly in rewired cells was
then analyzed by time-lapse microscopy. As shown in Fig-
ure 2E, Rng2p nodes in rewired cells compacted into a con-
tractile ring. This suggested that once localized to the medial
cortex (independent of Mid1p), Rng2p was able to recruit all
essential cytokinesis components to cortical nodes and facil-
itate their interactions in the process of assembling into an
actomyosin ring. Interestingly, ring assembly in mid1 mutants
does not proceed from a series of medial cortical nodes;
rather, they assemble from random locations from bundles
or strands of F-actin and other ring components [2, 6]. Our
studies with rewired cells established that Mid1p itself is not
required for compaction of node-localized actomyosin ring
components into a ring. Instead, our work suggests that
once actomyosin ring components assemble into nodes,
they most likely utilize a search-capture-pull-release-like
mechanism for ring assembly, even without Mid1p. Future ex-
periments should investigate this in more detail.
Previous studies have suggested that actomyosin ring com-
ponents arrive at the division site in a defined order [5, 6]. To
assess whether this invariant order of assembly is essential
for node organization and ring assembly, we tested whether
synthetic targeting of other cytokinetic proteins to the medial
cortex led to Mid1p independent medial ring assembly. Fu-
sions of GFP with eight different actomyosin ring components
(Myo2p, Rlc1p, Cdc15p, Cdc12p, Ain1p, Myp2p, Adf1p, and
Cyk3p) [26–29] were individually targeted to medial cortex
through Cdr2p-Gab-mCherry in the mid1-18 mutant back-
ground. Among these, we found that targeting of Cdc12p
and Myo2p to the division site via Cdr2p-Gab-mCherry led to
medial division in up to 80% of the cells (Figure 3A). To further
evaluate the ability of rewired nodes to rescue mid1-18, we
scored the location of the division septumwhen only binuclear
cells were considered (Figure S1A available online). This
experiment confirmed that medial targeting of Rng2p,
Cdc12p, and Myo2p, but not the other proteins tested, was
sufficient to allow medial septum assembly in mid1-18.
Time-lapse microscopy was then performed to examine the
process of contractile ring assembly in rewired cells express-
ing Cdc12p-GFP and GFP-Myo2p. Both Cdc12p and Myo2p(C) Fluorescence intensity plots within individual cells showing a medial localiz
Cdr2p-Gab-mCherry during interphase. The top panel shows interphase wild-ty
in dispersed cytosolic structures, except in the cell middle, due to the nuclear
coexpressing Cdr2p-Gab-mCherry and GFP fusions to Myo2p, Cdc4p, Rlc1p, C
marking opposite poles; the y axis shows relative GFP intensity from sumprojec
wild-type.
(D) Images of cells coexpressing Cdr2p-Gab-mCherry and GFP fusions, inc
was expressed under the control of the thiamine-repressible nmt1(41) promoter
promoter sequences. Cells were imaged with a spinning disk confocal micros
Scale bars represent 5 mm.precociously established nodes through Cdr2p-Gab-mCherry
binding, which later condensed into contractile rings in the
medial region of the cell (Figure 3B), as observed in wild-type
cells. Interestingly, unlike in wild-type cells, in which actomy-
osin rings assemble in metaphase, time-lapse microscopy re-
vealed that actomyosin rings in all three rewired strains (via
medial targeting of Rng2p, Cdc12p, and Myo2p), assembled
late during anaphase (arrowheads, Figures 2E and 3B). Given
this difference between wild-type cells and rewired cells lack-
ingMid1p, we considered the possibility that the localization of
Rng2p-GFP to nodes through binding to Cdr2p-Gab-mCherry
might alter ring assembly timing even in the presence of
Mid1p. Therefore, we examined the timing of ring assembly
in wild-type and mid1-18 cells coexpressing Rng2p-GFP and
Cdr2p-Gab-mCherry by scoring the percentage of Rng2p-
GFP rings in cells with short (<3 mm), intermediate (3–7 mm),
and long (>7 mm) spindles. We found that the timing of ring as-
sembly was unaltered in wild-type cells coexpressing Rng2p-
GFP and Cdr2p-Gab-mCherry (Figure 3C), ruling out dominant
effects on the timing of ring assembly in wild-type cells due to
synthetic rewiring. In addition, we found that there was no
dominant phenotypic effect when the position of the division
septum was investigated in wild-type cells coexpressing
Rng2p-GFP and Cdr2p-Gab-mCherry (Figure S1B). These ex-
periments strongly suggested thatMid1p, in addition to its role
in actomyosin ring positioning, was essential for timely assem-
bly of the actomyosin ring in metaphase, consistent with pre-
vious experiments [6, 30, 31]. Furthermore, our experiments
reveal that the role of Mid1p in ring positioning is different
from its role in ensuring timely assembly of the actomyosin
ring.
Although the other six proteins tested also assembled into
nodes, they failed to condense into contractile rings in the
cell middle (Figures 3A and 3C), suggesting that these proteins
were either incapable of organizing the rest of the ring compo-
nents into nodes or could not support proper actomyosin ring
assembly. Medial targeting of the septin Spn1p to the medial
region also did not result in medial assembly of septum in
mid1-18 mutant (Figure 3A). It is not clear what unique proper-
ties of Rng2p, Cdc12p, andMyo2p enable these rewired nodes
to organize into a medial ring in the absence of Mid1p. Never-
theless, these experiments revealed that a strict order of accu-
mulation of early localizing ring proteins at the division site is
not essential for proper actomyosin ring assembly.
Several studies have shown that the position of the predivi-
sional nucleus determines the position of actomyosin ring in
fission yeast [10, 32, 33]. In an important study, Daga et al.
[32] have shown that alterations to nuclear position in late G2
(by artificial perturbation, such as centrifugation of cells to
displace the nucleus) led to repositioning of the Mid1p nodes
and the actomyosin ring. As our current results demonstrate,
it is possible to bypass the requirement of Mid1p in medial
ring assembly in rewired cells. We then investigated whetheration pattern of the GFP-fused actomyosin ring proteins in the presence of
pe cells expressing GFP-Myo2p, in which the GFP fluorescence is observed
exclusion of Myo2p. The rest of the panels show interphase wild-type cells
dc15p, Cdc12p, or Rng2p. The x axis shows the cell long axis, with 0 and 1
tion of confocal z stacks. Data sets of ten cells are shown in each graph.WT,
luding Rng2p, Cdc4p, Myo2p, Rlc1p, Cdc15p, and Cdc12p. Cdc4p-GFP
, and the rest of the proteins were expressed under the control of their native
cope; maximum-intensity projections of z stacks are shown.
none normal
abnormal
A
B
D
E
mid1-18 Cdr2p-Gab-mCh Rng2p-GFP mCh-Atb2p, 36°C 10h
Mid1-18p-GFP Cdr2p-Gab-mCherry DAPI/AB
24°C
36°C
WT mid1 mid1  Cdr2p-Gab-mCh
Rng2p-GFP
mid1-18 mid1-18 Cdr2p-Gab-mCh
Rng2p-GFP
mid1
Cdr2p-Gab
Rng2p-GFP
mid1-18
Cdr2p-Gab
Rng2p-GFP
0m 4m 8m 12m 16m 20m 24m 28m 32m 36m 40m 44m 48m 52m 56m
24°C
36°C
Mid1-18p-GFP
24°C
36°C
(i) (ii) (iii)
C
1.0
0.4
0.6
0.8
0.0
0.2
WT
Cd
r2-
Ga
b
m
id1
Cd
r2-
Ga
b-m
Ch
m
id1
 
Cd
r2-
Ga
b-m
Ch
 Rn
g2
-G
FP
m
id1
-18
 
Cd
r2-
Ga
b
m
id1
-18
 Cd
r2-
Ga
b-m
Ch
 Rn
g2
-G
FP
%
 s
ep
ta
 in
 w
ho
le
 p
op
ul
at
io
n
Figure 2. mid1 Mutants Are Rescued by Medial Targeting of Rng2p
(A) Division septum-positioning defect in mid1D and mid1-18 was corrected by medial targeting of Rng2p. WT, mid1D, and mid1D Cdr2p-Gab-mCherry
Rng2p-GFP cells were harvested at 24C, and mid1-18 and mid1-18 Cdr2p-Gab-mCherry Rng2p-GFP cells were harvested after overnight shift from
24C to 36C. All harvested cells were fixed and stained with DAPI and aniline blue (AB) and were imaged with an epifluorescence microscope.
(B) Quantification of the rescue ofmid1D andmid1-18 by medial targeting of Rng2p. The relative proportions of cells without septa (shown as green bars,
including interphase cells andmitotic cells before forming septa), with normal septa (shown as red bars), andwith abnormal septa (shown as blue bars) were
quantitated. The mean relative proportion of each category from three independent experiments is shown (N > 797 for each strain in each experiment).
(legend continued on next page)
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2185the nodes assembled in these cells were able to reposition the
actomyosin ring upon artificial displacement of the nucleus by
centrifugation. Consistent with previous work [32], in the wild-
type cell coexpressing Cdc12p-3Venus and mCherry-Atb2p
(Figure 4Ai), the actomyosin ring was repositioned to a nonme-
dial site, upon movement of the dividing nucleus (indicated
by asterisks) to a nonmedial location. In the rewired mid1-18
cell coexpressing Cdr2p-Gab-mCherry, Cdc12p-GFP, and
mCherry-Atb2p (Figure 4Aii), however, the actomyosin ring
was assembled in the cell center in spite of displacement of
the dividing nucleus (indicated by asterisks). Curiously, the
actomyosin ring was assembled at the cell center after nuclear
displacement in the rewiredmid1-18 cell coexpressing Cdr2p-
Gab-mCherry, Cdc12p-GFP, and mCherry-Atb2p even at the
permissive temperature (Figure 4Aiii). This result raised the
possibility that the inability of the actomyosin ring to track
the nucleus was a dominant effect due to the recruitment of
actomyosin ring proteins to cortical nodes in interphase, unlike
in wild-type cells (without the rewiring), in which the nodes are
assembled upon entry into mitosis. Consistent with this pre-
diction, we found that rings assembled in wild-type cells coex-
pressing Cdr2p-Gab-mCherry, Cdc12p-GFP or Rng2p-GFP,
and mCherry-Atb2p (Figures 4Aiv and 4Av) did not track the
nucleus. These experiments strongly suggested that proper
canonical node assembly via Mid1p is essential for the coordi-
nation of the ring position with that of the nucleus. In wild-type
cells coexpressing Cdr2p-Gab-mCherry, Cdc12p-GFP or
Rng2p-GFP, and mCherry-Atb2p, preexisting noncanonical
nodes may prevent interaction of Mid1p with ring proteins,
which might be essential for the nuclear tracking function of
Mid1p. This conclusion is consistent with previous work on
the regulation of actomyosin ring positioning by Cdr2p and
Mid1p [10], in which amid1nsm mutant was found to be defec-
tive in altering the position of the actomyosin ring in response
to nuclear misplacement.
The fission yeast Polo family protein kinase functions up-
stream of Mid1p and phosphorylates Mid1p in early mitosis,
leading to activation of Mid1p function in actomyosin ring posi-
tioning [2, 34]. Sincemid1mutants were rescued by coexpres-
sion of Cdr2p-Gab-mCherry and GFP-fused key ring proteins
(Rng2p,Myo2p, andCdc12p), we testedwhether coexpression
of Cdr2p-Gab-mCherry and these GFP-fused ring proteins
rescued plo1-1, a temperature-sensitive mutant of the Polo ki-
nase in fission yeast. In this analysis, we found that the septum
placement defect ofplo1-1wasgreatly suppressed upon coex-
pression of Cdr2p-Gab-mCherry and GFP-fused ring proteins
(Figure 4B; data shown for Cdc12p-GFP).
Our studies with the rewired cells lead to several important
conclusions. First, we have found that the division site place-
ment defect of mid1 and plo1 mutants is largely reversed
upon medial targeting of the IQGAP-related protein Rng2p.
This finding is consistent with previous genetic epistasis
work [4, 5], which has shown that Rng2p is dispensable for(C) Images of cells showing medial rings and nodes in rewiredmid1D andmid1
with a spinning disk confocal microscope; maximum-intensity projections of z
(D) Mid1-18p was not detectable at restrictive temperature. Cells expressing M
or shifted from 24C to 36C for 10 hr, imagedwith a spinning disk confocal micr
fixed and stained with DAPI and AB, and imaged with an epifluorescence mic
mCherry at 24C and 36C (Dii), and images of cells showing inability of Cdr2p
(E) Time-lapse imaging of actomyosin ring assembly in rewired cells.mid1-18 C
to 36C for 10 hr and were imaged with a spinning disk confocal microscope. R
not observed due to the overwhelming strength of the fluorescent signal from
stacks are shown.
Scale bars represent 5 mm.the localization of Mid1p to cortical nodes but is key to the or-
ganization of other actomyosin ring proteins into cortical no-
des. Our work further extends this conclusion and establishes
that themajor function performed byMid1p in actomyosin ring
positioning is to target Rng2p to the cortical nodes. Surpris-
ingly, our experiments reveal that the order of assembly of
early localizing ring components into cortical nodes is not
crucial for actomyosin ring positioning, since ectopic medial
targeting of Rng2p, Cdc12p, and Myo2p can all lead to medial
division in cells defective in Mid1p and Plo1p function. It is
possible that the assembly of proteins such as Rng2p,
Cdc12p, and Myo2p leads to recruitment of other ring pro-
teins to the division site through modular interactions among
each other regardless of the order in which they arrive at the
division site. A similar ability of Cdc12p to recruit ring compo-
nents has been shown by Yonetani et al., who found that
overexpression of a fragment of Cdc12p led to recruitment
of actomyosin ring components and assembly of actomyosin
rings in interphase cells [35]. Interestingly, rewiring studies
have led to similar conclusions in Escherichia coli, where
premature targeting of FtsQ to the division site restored local-
ization of the cell division complex, independent of its normal
upstream regulators [36].
Although the rewiring experiments establish that Mid1p is
dispensable for ring positioning, provided that key ring pro-
teins localize at the division site, these studies also reveal
other medial positioning-independent functions of Mid1p.
The rewired cells, unlike wild-type cells, assemble rings later
in anaphase. It is possible that direct interaction of Mid1p
with one or more ring proteins is essential for ring assembly
in early mitosis. In addition, we find that the ability of cells to
alter the position of the actomyosin ring in response to alter-
ation of nuclear position is affected in wild-type and mid1-18
cells expressing Rng2p-GFP or Cdc12p-GFP, as well as
Cdr2p-Gab-mCherry. Our data suggest that Mid1p function
is essential for the coupling of nuclear position to that of the
actomyosin ring. In wild-type cells, it is possible that seques-
tration of ring proteins into nodes organized by Cdr2p-Gab-
mCherry might lead to a reduction of ring proteins that are
free to interact withMid1p. Thus, it appears that Mid1p at least
performs three functions pertaining to cytokinesis—marking
the medial cortex for cell division, promoting timely assembly
of the actomyosin ring in metaphase, and dynamically aligning
the position of the actomyosin ring to that of the nucleus, only
one of which is to place the division site in the middle of the
cell. Future work should dissect the mechanisms by which
Mid1p controls each of these functions.Supplemental Information
Supplemental Information includes Supplemental Experimental Proce-
dures, one figure, and three tables and can be found with this article online
at http://dx.doi.org/10.1016/j.cub.2014.07.074.-18 cells. Green, Rng2p-GFP; red, Cdr2p-Gab-mCherry. Cells were imaged
stacks are shown.
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Figure 3. mid1-18 Is Rescued by Medial Targeting of Cdc12p or Myo2p
(A) Division septum-positioning defect inmid1-18 was corrected bymedial targeting of Rng2p, Cdc12p andMyo2p, respectively, but not bymedial targeting
of seven other proteins (Myp2p, Rlc1p, Ain1p, Cdc15p, Spn1p, Adf1p, and Cyk3p). Cells were harvested after overnight shift from 24C to 36C, fixed and
stained with DAPI and aniline blue, and imaged with an epifluorescence microscope. The proportion of cells without septa (shown as green bars), with
normal septa (shown as red bars), and with abnormal septa (shown as blue bars) were quantitated. The mean percentage of each category from three in-
dependent experiments is shown (N > 520 for each strain in each experiment).
(B) Time-lapse imaging of actomyosin ring assembly in rewired cells expressing Cdc12p-GFP and GFP-Myo2p. mid1-18 Cdr2p-Gab-mCh Cdc12p-GFP (Bi),
mid1-18 Cdr2p-Gab-mCh Cdc12p-GFP mCh-Atb2 (Bii), mid1-18 Cdr2p-Gab-mCh GFP-Myo2p (Biii), and mid1-18 Cdr2p-Gab-mCh GFP-Myo2p mCh-Atb2
(Biv) cells were shifted from 24C to 36C for 10 hr and were imaged with a spinning disk confocal microscope. Maximum-intensity projections of z stacks
areshown (note that theCdr2p-Gab-mCherryfluorescentsignal isnotobserveddue to theoverwhelmingstrengthof thefluorescentsignal frommCherry-Atb2p).
(C) Quantification of the timing of ring assembly in rewired cells. Wild-type cells coexpressing Rng2p-GFP and mCherry-Atb2p (WT) and Cdr2p-Gab-
mCherry Rng2p-GFP and mCherry-Atb2p (WT+Rewire) and mid1-18 cells coexpressing Cdr2p-Gab-mCherry Rng2p-GFP and mCherry-Atb2p (mid1-
18+Rewire) were shifted from 24C to 36C for 10 hr and were imaged at 36C with a spinning disk confocal microscope. The percentage of Rng2p-GFP
rings were counted in cells with short spindle (<3 mm), intermediate spindle (3–7 mm), and long spindle (>7 mm). The mean percentage of each category
from three independent experiments is shown. Error bars show themean6 SDof three independent experiments (N > 58 for each strain in each experiment).
(D) Cells expressing GFP-fused Rlc1p and Myp2p in rewired nodes failed to assemble medial actomyosin rings.mid1-18 Cdr2p-Gab-mCh Rlc1-GFP mCh-
Atb2 andmid1-18 Cdr2p-Gab-mCh Myp2-GFP mCh-Atb2 cells were shifted from 24C to 36C for 10 hr and were imaged with a spinning disk confocal mi-
croscope. Red, mCherry-Atb2p (note that the Cdr2p-Gab-mCherry fluorescent signal is not observed due to the overwhelming strength of the fluorescent
signal from mCherry-Atb2p); green, Rlc1p-GFP or Myp2p-GFP. Maximum-intensity projections of z stacks are shown.
Scale bars represent 5 mm. See also Figure S1.
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Figure 4. Mid1p Plays Multiple Roles in Medial Actomyosin Ring Assembly
(A) Mid1p is required for dynamic coordination of the position of the nucleus and the actomyosin ring. Cells coexpressing mCh-Atb2p Cdc12p-3Venus
(cultured at 24C) (Ai), mCh-Atb2 mid1-18 Cdr2p-Gab-mCh Cdc12p-GFP (cultured at 36C) (Aii), (iii) mCh-Atb2 mid1-18 Cdr2p-Gab-mCh Cdc12p-GFP
(cultured at 24C; Aiii), mCh-Atb2 Cdr2p-Gab-mCh Cdc12p-GFP (cultured at 24C; Aiv) and mCh-Atb2 Cdr2p-Gab-mCh Rng2p-GFP (cultured at 24C;
Av) were treated with 0.53 MBC for 5 min, spun at 13,000 rpm for 10 min to displace the nuclei, and imaged with a spinning disk confocal microscope.
Red, mCherry-Atb2p (note that the Cdr2p-Gab-mCherry fluorescent signal is not observed due to the overwhelming strength of the fluorescent signal
from mCherry-Atb2p); green, Cdc12p-3Venus, Cdc12p-GFP, or Rng2p-GFP. Asterisks indicate the center of the spindle. Maximum-intensity projections
of z stacks are shown. At least three cells similar to each montage shown in (Ai)–(Av) were observed in this study.
(B) Division septum-positioning defect in plo1-1 was corrected by medial targeting of Cdc12p. plo1-1 and plo1-1 Cdr2p-Gab-mCherry Cdc12p-GFP cells
were harvested 8 hr after the shift from 24C to 36C, fixed and stained with DAPI and AB, and imaged with an epifluorescence microscope. The proportions
of cells with septa placed in the middle (region A), off-center (region B), and across the cell (region C) were quantitated. Error bars show the mean 6 SD of
three independent experiments (N > 127 for each strain in each experiment).
Scale bars represent 5 mm.
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